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1q, A 

|"tne determination of the minimum signal level required for satisfactory radio 
reception in the absence of other unwanted radio signals necessitates a 
knowledge of the noise with which the wanted signal must compete. 


There are a number of types of noise which may influence reception, although, 

with a particular circuit, usually only one type will predominate. Broadly, the 
noise can be divided into two categories depending on whether it originates in the 

receiving system or externally to the antenna. The internal noise is due to antenna 

and transmission line losses, or is generated in the receiver itself. It has the 
characteristics of thermal noise, and, in many cases, its effects on signal 
reception can be determined mathematically with a high degree of precision 


External noise can be divided into several types, each “aving its own characteristics. 
The most usual types are of atmospheric, galactic, and man-made origin. All these 
type Poa d dirs iter eds here , '¢ P-sdeme atmospheric noise usually predominates ¢ 
frequencies below about 30 Mc/s, this Report deals primarily with this type and with 


‘its influence on the reception of signals. 7 

The purpose of the report is to present values of noise power and of other noise 
parameters, and to show, t, examples, the methei of using these in the evaluation 
of the probable performance of a radio circuit. 
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FOREWORD 


This Report constitutes a comprehensive revision of Report 65, prepared 
in the light of a considerable quantity of more recent observational cata 
and other material. It has been prepared ind submitted by the Inter- 
national Working Group established under Recommendation 315. 
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9 REPORT 322° 


WORLD DISTRIBUTION AND CHARACTERISTICS 
OF ATMOSPHERIC RADIO NOISE 


(Geneva, 1963) 


LIST OF SYMBOLS 


Where a symbol is shown in both lower case and capital letters, ihe capital letter is used to 
represent the equivalent, in decibels, of the quantity denoted by the lower case ictter. 


A Instantaneous amplitude of the noise envelope (db) 

Arms. Root-mean-square value of the noise envelope voltage (db) 

APD Cumulative amplitude-probability distribution function of the noise envelope 

b, B Effective receiver noise bandwidth (c/s) (B= 10 log,, 5) 

o A protection factor (db) necessary to provide the required carrier-to-noise ratio for a given 
percentage of time within the time block 

5 Protection factor (db) required to provide the required carrier-to-noise ratio for 90% of 
the time block 

D Deviation of an hourly value of F, from the time block median F,» (dd) 


D, Value of the average noise power exceeded for 90°, of the hours within a time block 
(db below the median value for the time block) 


D, Value of the received signal power exceeded for 90% of :he time (db below the median 
value of the day-to-day variations in the hourly median) 


D, Value of the average noise power exceeded for 10% of the hours within a time block 
(db above the time biock median) 


E Expected value of the signal field-strength required for a given grade of service (db above 
luV/m) 


Root-mean-square noise field strength for a 1000 c/s bandwidth (db above 1uV/m) 

Sf.F Operating noise factor of a receiving system (F = 10 logie J) 

to. Fa Effective antenna noise-factor which results from the external noise power available from 
a loss-frez antenna (F,~ 10 loge fe) 


Fem Median of the hourly values of F, within a time blovk 
IS. Noise factor of the antenna circuit (its loss in available power) 
— Sracis Frequency (Mc/s) 
Fey Noise factor of the receiver 
ti Noise factor of the transmission line (its loss in available power) 
k Boltzmann's constant -- 1:38 «10 23 Joules per degree Kelvin 
P _ Received signal power available from an equivalent loss-free antenna (db) 
P,  Expreted value of P 
Pa, Median value of P, 
Pa. P, Noise power available from an equivalent loss-free antenna (P_ = 10 Bie Pa) 


p,, P, Received signal power required for a given signal-to-noise ratio, from a loss-free antenna 
| (Py = 10 logs ps) 
r, R_ Signal-to-noise power ratio required (R = 10 log,, 7) 


P 


’ | * This Report, which replaces Report 65. was adopted by correspondence. 
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om R, Carrier-to-noise ratio required for a given grade of service for some percentage of the 
hour (db) 
' Standard normal deviate 


= Effective antenna temperature in the presence of external noise 

Le Reference temperature, taken as 268° Kelvin 

Vy Voltage deviation; the ratio (db) of the root-mean-square voltage to the average voltage of 
the noise envelope 

Vim Median value of Vy 

' A—Aims: 

% Standard deviation of the required protection factor, C 

ay Standard deviation of D 

‘p, Standard deviation of D; 

tp, Standard deviation of D, 

ay... Standard deviation of F,,,, 

tp Standard deviation of estimates of the expected received signal power 

TR Standard deviation of R 

or Total standard deviation: total uncertainty of P, 

%% Standard deviation of | 


1. fntroduction : 


The determination of the minimum signal level required for satisfactory radio reception in 
the absence of other unwanted radio signals necessitates a knowledge of the noise with which 
the wanted signal must compete.. The whole proolem involves a consideration of the type 
of modulation and the influence of the detailed characteristics of the noise on the recovers 
of the information contained in the transmitted signal. 
There are a number of types of nvise which may influence reception, although. with a particular 
circuit, usually only one type will predominate. Broadly, the noise can be divided into two 
. categories depending on whether it originates in the receiving system or externally to the 
9 ee: antenna. The internal noise is due to antenua and transmission line losses. or is generated 
in the recerver itself. 11 has the characteristics of thermal noise, and, in many cases, its efTects 
on signal reception can be determined mathematically with a high degree of precision. 
External noise can be divided into several types, each having its own characteristicn. The 
most usual types are of atmospheric, galactic, and man-made origin. All these types are 
considered here, but since atmospheric noise usually predominates at frequencies below about 
W Me s, this Report deals primarily with this type and with its influence on the reception of 
signals. 
The purpose of this Report is to present values of noise power and of other noise parameters. 
and to show, by examples, the method of using these in the evaluation of the probable per- 
formance of a radio circuit. For this application, variations in the parameters mus: be tuken 
into account, | i 


2. Previows radio noise predictions 


The term ~ predictions ~ is used for convenience. All so-called predictions of noise, including A 

: those in this Report, have, so far, been presentations of past data in summarized form and 

oan bah not attempts to extrapolate to future conditions, except that diurnal and seasonal trends have 

oy been shown. Truc predictions, such as may be based on meteorological and ionosphere 
forecasts, do not seem practicable at present. 
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— methods of using the predictions in the solution of operational problems are presented. | 


*« 


Song els 


The first compilation of radio noise data on a world-wide basis was carried out in 1942 by 
D. K. Bailey and J. S. Kojan, who were then working in the United Kingdom at the Inter- 
services Ionosphere Bureau (Tremelien and Cox, 1947) and the results were published in the 
United States by the Interservice Radio Propagation Laboratory (L.R.P.L., 1943). Modified 
Predictions have been published subsequently in Technical Report No. 5 of the Radio Propaga- 
tion Unit, U.S Signal Corps (R.P.U. 1945) and in Circular 462 of the National Bureau of 
Standards, U.S.A. (N.BS. 1948). In these publications, noise-grade charts and prediction 
curves were given, indicating the noise level in terms of the minimum signal strength required 
scp radiotelephone communication for 90% of the time in the presence of atmospheric 
A more recent publication, N.B.S. Circular 557 (Crichiow et al., 1955) presented the same 
noise-grade charts as used in N.B.S. Circular 462. However, the noise values were expressed 
in a different form and showed the :xpected median levels of radio noise power during specified 
periods of time instead of the recuired signal field-strength. The method of interpreting the 
earlier predictions had not been entirely clear, and the new method of presentation was used 
to remove ambiguities, so that further data could be compared with them more readily. 

The most recent previous predictions are contained in C.C.ILR. Report 65 (Revised), which 
was adopted unanimously by the IXth Plenary Assembly, Los Angeles, 1959. The information 
presented showed the expected values of the average noise power on 4 world-wide basis 
throughout the frequency range 10 kc/s to 100 Mc/s, for all times of the day and night, and 
all seasons of the year. The presentation was simplified by grouping together data for each 
of the four seasons and for each of six, four-hour periods of the day. The aggregate of 
correspunding four-hour periods of the day throughout a season was defined as a time block. 
Thus, there are in the year twenty-four time blocks, each consisting of about 360 hours (four 
hours in eaci: day for about ninety days). 

The division of the year into four seasons of three months each was made in the following 
way, although it was realized that the seasonal pattern of noise variations existing in temperate 
regions was not necessarily followed at lower latitudes. 


Month Season 
Northern Southern 
hemisphere hemisphere 
December, January, February, Winter Summer 
March, April, May, , Spring Autumn 
June, July, August, Summer Winter 
September, October, November Autumn Spring 


The parameter presented was the median hourly value of the average noise power for each 
time block, and the variations in this parameter showed the systematic diurnal and seasonal 
\ariations of the noise. Variations of the hourly values within a time block were treated 
statistically, and their extent was indicated by the ratios of the upper and lower decile values 
to the medians. 


‘The revised predictions 


The present Report constitutes 4 comprehensive revision of Report 65. Although the original 
form of presentation has been retained, the Report has been improved in the following respects : 


-_. the origonal predictions have been modified to take account of more extensive and reliable 


data; 
_— statistical information is presented on the accuracy of the modified predictions; 
— the fine structure of the noise is described in statistical terms; 
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The data used in revising the estimates of the distribution of noise power were obtained mainly 
from the sixteen stations shown in Fig. 1. These stations, with one exception, use standardize 
recording equipment, the ARN-? Radio Noise Recorder, and are operated by a number of 
organizations in an international co-operative programme (URSI 1962 and C.C.1.R. Recom- 
mendation 174, Warsaw 1956). Data collected from these stations during the period from 
1987 to 1961 ‘Crichlow ef al., 1959-1962) have been used in the new analysis. Subsequent 
deta will be available for any later revisions of the predictions which may be made. 


The analysis was done, using a digital computer, by a technique which required that data from 
each station should be available for a number of frequencies, spread substantially over the 
whole range to be covered by the predictions. It was therefore not practicable to include data 
from other sources, where the frequency range was limited or where noise power values were 
not given. However, since it is desirable that the predictions finally take account of as much 
of the available information as possible, comparisons were made between the new predictions 
and data from sources not included in the analysis. (C.C.1.R. Doc. 236 (india) of Geneva, 
1963; Clarke, 1962; Lichter and Terina, 1960; Science Council of Japan, 1960; C.C.LR. 
Doc. VI/68 (France) of Geneva, 1962). Some modifications were made, and comparison 
will continue as more data become available. 


Description of the parameters used 


It is generally agreed that no single noise parametcr is a satisfactory index of interference to 
all .ypes of radio service. Nevertheless it is desirable to adopt one parameter which can be 
used universally for comparing noise data from different sources, and to which other parameters 
can be related. The mean noise power seems the most generally useful and convenient for 
this purpose and is the basis of the predictions. 

The noise power received from sources external to the antenna is conveniently expressed in 
terins of an effective antenna noise factor, f,, which is defined by: 


Se 5 Paik T,,b qT, ty (1) 


Pa | Noise power available from an equivalent loss free antenna (W) 
k = Boltzmann’s constant - 1:38 - 10 2 Joules per degree Kelvin 
T, : reference temperature, taken as 288°K 
b : effective receiver noise bandwidth (c/s) 
T, : effective antenna iemperature in tne presence of external notse. 


Equations (1) illustrate two alternative methods of specifying the noise power, by the effective 
roise factor or the effective temperature of the antenna. The value of 7, has been taken as 
288 K so that 10 log,.A7., is equivalent to 204 db below one Joule. 

Both /, and T, are independent of bandwidth, because the available noise power from all 
sources may be assumed to be proportional to bandwidth, as is the reference power level. 
The antenna noise factors in this Report are for a short vertical antenna over a perfectly 
cor ‘ucting ground-plane and are expressed in decibels, F,. This parameter is simply related 
tu we rms. noise field-strength along the antenna (a third way of specifying the notse 
level) by: 


Tae = F, = 65-5 t 20 logis /mcis (2) 


where 


E, :¢.m.s. noise field-strength for a | kc/s bandwidth (db above | «V/m) 
F, : Noise factor for the frequency, / in question 
fracis : frequency (Mc/s). 


The value of the field strength for any bandwidth / c/s, other than | kc/s, can be derived by 
adding (10 log, — 30) to E,. Fig. 29 is a nomogram for the solution of equation (2) and may 


be used to derive £, from F,. It should be noted that E, is the vertical component of *he field 


at the antenna; the conformation of the incident waves may be complex, and cannot be deduced 
from measurements on a single vertical antenna. 


Atmospheric radio noise is characterized by large, rapid fluctuations, but if the noise power 
is averaged over a period of several minutes, the average values are found to be nearly constant 
during a given hour, variations rarely exceeding ~ 2 db except near sunrise or sunset, or when 
there are local thunderstorms. The ARN-2 Radio Noise Recorder yields values of average 
power at each of eight frequencies for fifteen minutes each hour, and it is assumed that the 
resulting values of F, used in the analysis were representative of the hourly values. 


In predicting the expected noise level, the systematic trends, that is the trends with time of day, 


_ season, frequency, and geographical location, are taken into account explicitly. There are 


other variations which must be taken into account statistically. The value of F, for a given 


hur of the day varies trom day to day, because of random changes in thunderstorm activity 


and propagation conditions. The median of the hourly values within a time block (the 


_time-block median), is designated as F,,,. Variations of the hourly values during the time 
block can be represented by the values exceeded for 10°, and 90% of the hours, expressed as 


deviations D, and D; from the time block median. When plotted on a normal probability 
graph (level in db), the amplitude distribution of the deviations, D, above the median can be 
represented with reasonable accuracy by a straight line through the median and upper decile 
values, and 2 corresponding line through the median and lower decile values can te used to 
represent values below the median. 


It is natural to expect some correlation of atmospheric radio noise with sunspot activity, since 
both propagation conditions and thunderstorm activity seem to be affected by the phase of 


_ the sunspot cycle. Some measurements at very low frequencies, made many years ago, did show 


ates such a correlation (Austin, 1932). Although the data used in this revision were recorded only 


during a per'~d of high sunspot activity, inspection of some data obtained over a longer period 
has not revealed any marked systematic variation of the noise with sunspot activity. A 
thorough examination of the data for such an effect, however, has not yet been made. The 
influence of sunspots is most likely to occur at high frequencies, but the incidence of galactic 
noise at times when the ionosphere fails to support the propagation of atmospheric noise 


“tends to obscure the changes. 


So far, we have dealt with the average power as represented by F,. While this is a valuable 
parameter to use in determining the required signal-to-noise ratio for many types of communica- 


‘tion circuits, other parameters give better correlation with character error-rate or message 


errors in some systems. For example, in determining the reliability of a radioteletype system, 
it is useful to have some knowledge of the amplitude-probability distribution (APD) of the 
noise, This shows the percentage’ time (time of occupation) for which any level is exceeded; 


__ usually it is the noise envelope which is so described. The APD is dependent upon the short- 


term characteristics of the noise, and, therefore, cannot be deduced from the hourly values 
of F, alone. By | , 


ae . ‘A large number of APD’s have been measured in several countries, and reasonably consistent 

we Re: results have been obtained (URSI 1962, Clarke 1962, Science Council of Japan 1960). For 
gee ne . . 7 i A ae f J 

: " SIM oon ae Fe 


presenting the data in an operationally useful form, it is convenient to construct a family of 
idealized curves, one of which can be chosen to represent a practical APD to a sufficient 
accuracy. This has been done by using a system of co-ordinates in which a Rayleigh distribu- 
tion (representing the envelope of thermai-type noise), is a staight line with a slope of —O§ 
The low amplitude parts of an atmospheric noise curve have this slope, the high amplitude 
parts are represented by a second straight line, with a greater slope, and the two lines are joined 
by an arc of a circle. The construction of these curves involved the use of quantities related 
to the r.m.s. average, and mean logarithmic values of the distribution, parameters which have 
been recorded in routine noise measurements (Crichlow ef al., 1960a, 1960b). in practice, 
because the average voltage and mean logarithmic voltage are found to be closely correlated, 
the ratio of r.m.s. to average voltage, Vz (db) is sufficient to specify the curve which can be 
used to represent the distribution (Spaulding ef a/., 1962). Some of the curves are reproduced 
in Fig. 27 in which are plotted the differences, .1, between the instantaneous envelope amplitude, 
A, for any probability, and the r.m.s. value of A, Ams , for a number of values cf Wz, ll 
quantities being ir lecibels. Data for intermediate values of V4 can be derived by interpolation 
It should be noted that, if the r.m.s. value of the noise voltage itself is required, it is 3 db lower 
than the r.m.s. envelope voltage. The curves can be used for a vide range of bandwidths, 
the effect of changing the bandwidth being to change the value of 4 and modify the 4PD 
correspondingly. 

Estimates have also been made of the uncertainties in the derived APD curves. They are 
expressed as a standard deviation, 04, of the difference, 1, as a function of probability and 
Va (See § 6 and Fig. 28). 


. Methods used to obtain predictions 


Values of Fam, collected from the network of stations previously mentioned, were edited to 
remove, as far as possible, the effects of man-made radio noise and unwanted signals. The 
values thus obtained were considered to represent aciual atmospheric radio noise. The ume 
block values at each frequency were compared with the predicted values from C.C.1.R. Report 
65 and corrections derived. These were used in an electronic computer programme to modify 


_ the world charts and frequency curves given in Report 65. 


Computer techniques were also used to obtain a best estimate of the deviations, D, and D,. 
of the decile vaiues of F, from the median value, Fam, for each time block. Ina similar manner 
the median value, Vam, of the voltage deviation, V4, was obtained for each time block. 


To obtai a measure of the variability of the noise with respect to the predicted values in each 
time block, all measured values were compared with the new predicted values. Standard 
deviations of Fm. D,. and D,, as functions of frequency, were found by a computer pro- 
gramme. Uncertainties in the predicted amplitude-probability distributions were expressed in 
terms of 73, from a consideration of the variability of Wy. The results were determined for 
various values of }, as a function of the percentage time of occupation. 


The m ise dats ur predictions 


As in Report 65, world charts, showing the expected median values of atmospheric radio noise, 
Fam in db above AT,b, at | Mc/s for each time block, are shown in Fig. 2 to 25. Unlike the 
earlier Report, where only two sets of frequency curves were shown, one for day-time propaga- 
tion conditions and one for night-time, a set of frequency curves is now given for each ume 
block. This procedure is more flexible and is compatible with a more convenient arrangement, 
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" Seperate curves for A adnammeeeienietinicn im from statvor.s in iasagiiblaciniedl siauadl 


in whach the noise grade charts for a given seasonal ume block and the corresponding frequency 
Curves arc adgacent. 


Galactic noise levels, extrapolated to | Mc/s from Cottony and Johler (1952) and verified 
using @ vertical antenra, are shown on the frequency curves. Within a + 2 db temporal 
variation (negiocting ionospheric shielding), the values shown will he the upper limit of galactic 
morc, but in any given situation the received nowe should be catcutated considering critical 
frequencies and the directional properucs of the antenna. 


in many location: man-made rome is a limiting factor in radiocommunicauon for at ieast 
part of the time. Although this type of noise must depend on joca! conditions, a curve of 
expected values at a quiet receiving location has been added. The values plotted are typical 
Of the lowest values at sites chosen to ensure a minimum amount of man-made noise and much 
lower vahses will seldom he found at sites which are ..n s-veral kilometres from power lines 
and electrical equipment. Man-made nome may arise froin any number of sources such as 
power lines, industrial machinery, ignition systems. etc., with widely varying characterstics. 
Propagation cf man-made noise is principally by condition over power lines and by ground 
wave and i thus relatively unaffected by diurnal or seasonal changes in the ionosphere. 
However, there is experimental evidence that man-made noise msy also be received from 


_ distant sources by ioncapheric propagation: for example, values of man-made noise of a few 
 Cextbels above &T,b at 2 Mc/s have been attributed to a large city at a viistance of 65 kilometres 


when the receiving site was excepionaily free from local man-matz2 sources and very few 
atmospherics or radio signais were being received (Pawsey ef a@/., 1951). The only trend 


 COnsideed im this Report is the variation with frequency; the leve: decreases with increasing 


frequency, Owiag partly to the characteristics of the radiated spezsum and partly to propaga- 
tonal factors. 


It will be observed that values of noise at | Mc/s are indicated which are below the expected 


_ Sevels of man-made and galaciic noises. These valucs should be used with caution, as they 


repreacmt only rough estumates of what atmospheric nowse would be recorded if other types 
were not present. They are useful mainiy as reference levels for low-nome locations, a | c/s 


_ nome value being assigned by plotting data .’ other frequencies on the noise curve. 


Also included on th: same set of figures are the estimated values of D,, Vz, D;. on, , tp,, and 
Crem. Thus, all values relating to one time block *re to be found together. D, will normally 
be used for assessing minimum required signal-strengths, but D, may oc needed to determine 
whether ths internal nowe of a receiving system is negligible under the quéster external nome 


siti 


The values of ¢ram have been derivec by comparing actual observations with predictions for 


the same locations, and include such uncertainties as those due to the unpredictable varwtions 


from year to year and the errors introduced by the necessity of pre<nting a large volume of 


data in summarized and homogencous form. Larger values may be expected at locations 
where no measurements have been made since there is an additional uncertainty in the process 
_cf geographical interpolation, but this cannot be assesseo. 


“‘Yne curves of ¢ree will be seen to extend only up to 10 Mc/s. At higher frequencies the 


predominant nose at many stations was often of galactic origin, and it was not consudered 


peerianhth-te texan mone eonemannines shawecinhility.of the atasepherio: nempaliee, 


fr 


24 of the Radw Regviations, Geneva, 1959. How- 


wm — 


ever, the variability of nowe ¢id not show a consistent pattern conforming with the defined 
zones, and, in consequence, the deta from both zones were combined to obtsin the curves 
waned in thes Report. The results of some work on Indie suggest that ssnpiification of presenia- 
tion may be possitt: (Doc. Vi/113 (indie) of Geneva, 1962). Further work may show the! 
the verwbsdity inked to some function of the nose intensity rather than geographical Zones. 
though smaiie: veriations would be expected over the oceans rather than et places near the 
eraser thundoarsorm centres. The corves presented should be used with some caution, particu 
tert: during times of tie day froin C890 t0 1600 where the low vatues in the medium frequency 
range are known to have heen influenced by man-made nome at most stations. No editing 
to sainisnize the effects of man-made noine wes done 1: studying the variability, es was Gone 


 qvith the values of F,.. . 


7. 


The figures are used im the foliow:ng way. The value of F... for 1 Mc/s is found directly 
from the noe charts for th- time block (season and hour) under consideration. Using the 
value as the noise grade, the value of F,.. for the required frequency is determined from the 
frequency Curves. ¢fen. D,, and ¢g» are obtained for te required frequency from the vart 
ebdlity curves. if the value of D (= F.— Fem). oF the va'ue of op is required for any percentage 
of tiene other than 10°, the values can be found by plotting D, and «p, on a normal probability 
graph (with values in Gb), und drawing straight lines through 0 db at 50°, and the 10°, value 
as shown in Fig. 30. Values at percentages greater than 50°, can be obtained in the same 
manner ung D; and <a. 


The same cautionary note applies to the use of the curves of V4—_ 05 mentioned in the discumon 
of D, and ep. The plotted values of gq, are for a bandwidth of 200 c/s. Since V4 is not 
independent of the bandwidth as are F,, D,, and D,, 0 method has been developed for con- 
verting 0 value of Vz, measured in one bandwidth, to the value that would have been measured 
in another (Spaulding ef ai., 1962). This conversion can be made by using the curves of 
Fig. 26, in which Vg, and Vee are the values of ¥, corresponding to the narrower bandwidth, 
b,, and wider bandwidth, 6, , respectively. The corresponding valucs of Vz, and Von are 


APD curves corresponding to various values of V,, are given in Fig. 27, in which the r.m.s. 
exveinge voltagr, Acms. % taken as the reference. The measured values of V, vary about 
the predicted meusn values. These variations are reflected in uncertainties in the precise 


APD curve is specified relative 10 A,ms. the uncertainties in 5 near this value are smell. 


data, and further verification is required. For the momeat, therefore, the cures and band- 
width conversion factors should be used with caution. 


Apgleretes of wmim Cain ( syutom emiketion 


The treatment here is not intended to be comprehensive, since the subject, in its broad aspects. 
clearly involves many factors other than the atmospher x radio nose. However, it is consedered 
desirable to give sume indication of how the data may be used in the study of system 
performance. 


9 ‘ma oe 80 an 

Pip cee The asserement of tire performance of a complete receiving system can be exprened in terms 
of ws operating nome ‘actor, /, which takes into account the external noine as well as none 
gererated within the receiving system. The factors involved and the techniques of evaluation 


are given on (Bares 7 of. 1961). If it os assumed that the receiver 1s free from spurious responses 
and that all elements prior to the receiver are at the ceference temperature J, , then / is given by 


f | Pad tfhiS. (3) 


J, : the neiee factor of the antenna circuit (its loss in available power): 
J, : the nowe factor of the transmission line (its low in available power): 
J, : the noise factor of the receiver. 
The operating noise « or, /, is useful in determining the relation between the signal power, 
&.. available from a toss-free antenna and the corresponding signal-to-nowe ratio, 7, at ine 
trtermedsate frequency out’ vt of the reneiver. since 
yp, frk Tob (4) r 
 Aatting B ~ 10 log.<b, then P, (dbW) becomes : ae 
P,= R+ F + B-—204 (ddW) (S 


ie yee in evaluating the operating nome factor, F, for use in (5), it is necessary to consider all of 
Oana the parameters in equation (3). However. in many cases, one source of nowse will predormmate, 
orn and only one of the component noise factors will be important. At low frequencies, a rectiving 
a : system with poor interna! note characteristics may often be used, since the values of /, will be 
ye dee hugh, and will determine the value of f, In general, /, will decrecse with increasing frequency, 
sbme 8; inl and, at the higher frequencies, the antenna tends to become more efficient and /, approaches 
7& ar 4; nity. Under these co aditions, /, and/or /, may become as important as /, in the determination 
) > ae of f. The values of f, and f, can then be determined from calculations involving the design 
phe ts | features of the transmission line and the receiver, or by direct meacurement. When the 
ra hs. eae antenna losses may be important, such as at the ower frequencies when a shor’ vert cal antenna ae 
eo, near the ground 1 used, /, must be obtained by indireci means. Frequently, an adequaic ee 
+! Cae estimation of these losses can be made from mmpedance measurements and the calculated . Fes 
' value of the radiation resistance (Crichiow ef a/., 1955). 
at : Once the nowse characteristics have been determined, the interfering effects to a given system ae 
rhe must be deduced. in the past, the performance of a given type of service has been expressed oa 
* ee bi in terms of the ratio of the required signal to « particular parameter of the nowse, usually the “hae 
fear ss Mean nowe power. For many types of service, uve of the 4PD, involving more than one Baht pe 
Beee See Parameter and embodying information on the tyoe of nome as wel! as the level, can result ee 
a ss # More realestic estimates of the probable performance of the system, once the appropriate acy F 
—  eetatzonships have been established. The availability of information on the variations to be | 
ips Nad Fre expected in the nome level also enables the probability of obtaining a required performance 
to be specified in more precise statistical terms. 
a eae a a so inl Loren of three damon onr 
Se anim erctat grade of service, time availability, and service probability (Bars: and a/., 1961). .. 


a 8 a eo mart perndiot cues Wehnib, 


i bi Py utually taken as one hour, tut which may vary from a few minutes to more than an hour), Sy RS ae 

ie, hit during which the statistics of the signal-to-noise ratio may be considered to be stationary. es? 

< Ae It can be expressed, for exampie, > a anager ny 3 ae 
7. opie ceecc (pe Porceninys of sauatnd esearrers ate! 
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9 ene 
7.2 Tew qvaitabiliny refers to the poreentage of the hours, or other short periods of time used 
in defining the rede of service, during which the specified grade of service oF 


entre sunapet cycle, a year, a particular season or month, or certain hours of the day 
cuswmg 8 apecitted longer period. 


7.3 Service prodabitity ix defined as the probebitity that the specified grade of service or betier 
will be achieved for the specified time availability. This combines statistically the uncer- 
tainties of the many parameters involved in the prediction of svstem performance. 
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2 steady and onty the nore ss variable. The caiculations are based on the use of the APD, 
since the type of service is one for which the errors are amenable to reasonably precise 
raathernatical evaluation, when the short term characteristics of the noise are known. 
The second example involves shy-wave propagation and thus both the signal and nowe 
vary with tun. The recommended values of signal-to-noise power ratios given in Recom- 
mendation ?°9, are introduced in this example. This is the procedure which must be 
followed for a large number of services, and particularly (hose involving subjective factors. 
The determination of the service probability invoives not only the uncertainties associated 
with the noise parameters but also the uncertainties of all values involved in the prediction 


are assumed values. While probably representative of the magnitude of the values of « 

to be encountered, they should not be used untess it is impossible to obtain a better estimate. 

: The determinetion of actual values to be used for any given circuit can usually be made 
ry by the use of information furnished by thg C.C.1.R. in other publications. 


7.4 Example 1 


Determine the performance of a FSK system with reception at Geneva, Switzerland, under 
the following conditions. 


Frequency : SOke/s 

Time of day : 2000-2400 hours 

Season : summer 

Randwedth : 100c/s 

Propagation : ground wave (resulting in a steady received signal) 


Grade of service 0-05°%, binary errors are permissible during a given hour. This 
corresponds approximately to 1% teletype errors in a five unit ‘ 
start-stop system (Wait er al., 1958). cae i 


The prob! a is to assess the probability that a given received signal-power will provide 
the specified grade of service for any given percentage of the hours. 


aRY yes 


The cxpscted value of received power, P, , required for a particular grade of service during 
an hour when the antenna noise factor is F,, 1s from equation (5), 


P.~ Fe+ R+ B 24 (dbW) (6) 


where R is the required pre-detection signal-to-ncise pover ratio (db) for the given 
bandwidth. 
When the receiving antenna is a short vertical rod, the corresponding field strength. £,. 
i given by: 


E, - P, + 2 log fascrn + 108-5 (db above 1 »V/m) (7) 


Montgomery (1954) has shown that the probability of a binary error in a narrow-band 
frequency-modulation system is equal to one-half the probability that the noise envelope 
exceeds the carrier envelope at any instant. It is, therefore, necessary to determine the 
nome APD to determine the required signal-to-noise ratio. From Fig. {9 the value of 
Vem at 90 ke/s for 2000 to 2400 hours in the summer season is 8-5 db for a bandwidth of 
200 c/s. Converting to a bandwidth of 100 c/x by means of Fig. 26, V4_, becomes 6-4 db. 
The corresponding APD can be plotted on Fig. 27 by connecting the ends of ihe curve 
Vou ~ 6 and the curve Vam ~ 8 to the corresponding crossing points on the ordinate 
and interpolating between the two lines at the proper percentage. 


Using “he criterion postulated by Montgomery, the required grade of service, with 005°, 
binary ersors, dernands that the noise envelope will exceed the carrier envelope for only 
1% of the tisne, and with the APD corresponding to Va_ — 6&4 db, the carrier envelope 
must be 21-0 db above A,=, (from Fig. 27). The carrier power to mean noise-power 
ratio must therefore also be 21-0 db, and this is the value to be taken for R in (6). The 
uncertainty in this value introduced by possible variations in the shape of the amplitude- 
probability distribution is 1-4 db (from Fig. 28). 

F, wast now be derived from the median value 7, plus a deviation D consistent with the 
percentage of hours during which a satisfsctory service must be obtained. From Fig. 19, 
the | Mc/s value (nome grade) is 78 db and the value of F,,, at 50 kc/s is 135 db witha 
standard deviation, 77,.. of 3-4 db. To allow for uncertainties in the value of the noise 


level F, in a given hour, probability is required that a given deviation, D- F,—F.m, will 


occur. The value of D, (64 dd) is derived from Fig. 19C and from this, values of D 
are plotted on normal probability paper as in Fig. 30, it being assumed that the distribu- 
tron of the decibel values above the median is norms. In a similar way 7p, (1-9 db) is 
derived frum Fig. 19 C and a curve for 75 plotted in Fig. 30. 

Equation (6) is next evaluated, by taking the percentage time availability as 100 minus the 
percentage time that D is exceeded, and P, is plotted in Figure 31. If required, the corre- 
sponding value of E, can be derived from (7). From (6), P. =~ D—W and this is the 
usual prediction of the power  equired to produce the specified grade of service as a function 
of time availability. But, since the prediction uncertainties have not been taken into account, 
onty one-half of such circuits would be expected to meet the design criteria. 


The uncertainties to consider are represented by the following standard deviations: 


ap : the standard error of achieving the expected received signal power. This must 
be derived from propagation and other data and, for the purposes of this 
example, is assumed to be 2 db. 

op : uncertainty in the required signal-to-noise ratio, standard deviation assumed 
to be 2 db. 
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4 : 1-4 db (from Fig. 28) 
ay... : 3-4 db (from Fig. 19) 
Gz : standard deviation of D, which is a function of the required percentage time of 


operation (from Fig. 30). 
ee eee ee ree Ot 
rom: 
62 = o} + e+ a2 + e+ of (8) 


sr has also been plotted in Fig. 31 and enables an estimate to be made of the service 
probability that the indicated time availability will be achieved, as follows. 

For any given value of received power, P, the time availability can be determined as a 
function of the service probability from: 


t= (P—P,)/or te O) 


where 1 is a function (known as the standard normal deviate) of the service probability. 
Fig. 32 gives the values of 7 as a function of service probability. 
If a probability of only 0-5, is required that a specified time availability will be achieved, 
t = 0, P = P, and the required powers are given by Fig. 31; a power of —20 dbW would, 
for exampie, give a time availability of 94-6°/,. This situation is also represented by the 
point corresponding to 0-$ service probability on the curve P = —20 dbW plotted on 
Fig. 33. A higher time availability, say 99%, requires a higher value of P, (—165 dbW 
with a standard deviation of 5-7 db). With the same actual power of —20 dbW, the value 
of t is then —0-61 leading to a lower service probability of 0-27. In this way the relation- 
ship between the time availability and service probability can be plotted for P = -—-20 dbW, 
and for other power levels, as in. Fig. 33. 
From this figure it can be seen that if P is taken as —30 dbW and a time availability of 
99% is desir.d, there is a probability of less than 0-009 that the objective of less than 1% 
) | teletype errors will be achieved during 99% of the hours of operation. However, if 
P = —10 dbW, the probability would increase to better than 0-87. With P = 0 dbW, the 
chance of friling to achieve the required grade of service during 99% of the hours would 
be less than 0-002. 


7.5 Example If 


Determine the performance of an A3 telephony double-sideband system with reception 
at Geneva, Switzerland, under the following conditions: 


Frequency : 5 Me/s 

Time of day : 2000-2400 hours 

Season : summer 

Bandwidth : 6ke/s 

Propagation :  jonospheric (resulting in a fading signal) 
Grade of service : marginally commercial for 95% of the hour 


Again the problem is to assess the probability that a given received signal power will provide 
the spevified grade of service or better for any given percentage of the hours. 

Equation (6) is not directly applicable here, since both the signal and the noise vary with 
time, and this must be taken into account. The value of R used in (6) is established for 
a given grade of service for steady-state signal conditions. Since the signal will vary 
within the hour due to interference fading, which can be represented by a Rayleigh distribu- 
tion (Report 266), we can let Ry, be the carrier-to-noise ratio required for the given grade 
of service for some percentage of the hour. 


S) 


Tt has been found that the day-to-day variations of the hourly median received signa! in 
db are normally distributed (Report 766), and thus can be described by the median value 
and the deviation D, , of the value exceeded 90% of the time, from ihe median. Since the 
values of F, can also be considered to approximate to a normal distribution, a protection 
factor, C, (db), necessary to provide the required carrier-to-noise ratio for 90% of the time 
block, can be determined, assuming no correlation, from: 


C2 = D? + D? (10) 


By plotting C, at the 10% point relative to 0 db at the median value, using arithmetic 
probability coordinates, a value of C for any other percentage point can be found, since 
it will also have a norma! distribution. With the values of R, and C defined above, the 
equivalent of (6) can now be written as: 


Pme = Fam + C+ Ry t+ B—204 (dbW) (11) 


where P,,,, is the median value of the expected required signal power. 

From Fig. 19, the | Mc/s value (noise grade) for Geneva, Switzerland, is found to be 78, 
and the value of F,,, at 5 Mc/s is 57 db with a standard deviation, or,.,, of 4-1 db. Also 
from Fig. 19, D, is found to be 4-9 db at 5 Mc/s, and the associated standard deviation, 
ep.,is 1-3db. Assuming values of D, of 7 db and op, of 1-5 dd, which are in fair agreement 
with values given in Report 266, the value of C, can be found from (10) to be 8-54 db. 
Also, a corresponding value of the standard deviation, sc, , of C, can be found, in a like 
manner, to be equal to 1:98 db. Values of C and oc have teen plotted on Fig. 4. 


Recommended values of signal-to-noise ratios for steady signals are given for various 
services in Recommendation 339. The required peak radio-frequency signal-to-noise 
ratio in a 6 kc/s bandwidth for double-sideband, marginally commercial A3 telephony 
is 27 db for a steady signal, or 21 db carrier-to-noise ratio. Since we are interested in the 
signal level exceeded 95% of the time for Rayleigh fading, then R, must be 11-3 db greater 
than for the steady signal, or 32-3 db. 

Equation (11) has been evaluated by taking the percentage time availability as 100 minus 
the percentage time that C is exceeded, and P,,, is plotted on Fig. 35. £, can be deduced 
from (7). As in Example I, P, is the expected power required to produce the specified 
grade of service as a function of time availability. Also, as in Example I, it is necessary 
to consider various prediction uncertainties. The total uncertainty, cr, is deduced, as 
before, on the assumption that the errors are uncorrelated, from: 


o2 = a2 + oF +or + o2 (13) 
where 
ep :the standard deviation of estimates of the expected received signal power, 
assumed to be 5 db; 
Gr: uncertainty in the required signal-to-noise ratio, the standard deviation assumed 
to be 2 db; 
of,,, : standard deviation of F,,_, about its predicted value, 4-1 db (from Fig. 19) 


3c :$tandard deviation of C, which is a function of the required percentage of time 
of operation (from Fig. 34). 


_ The values of or have also been plotted in Fig. 35. 
_ Again, using (9), Fig. 32, and the values of or from Fig. 35, Fig. 36 can be obtained. 


& The inflseace of ces directivity aad poterteation of aademane 


It is assumed that the signal gain is reasonably well-known, although it is dependent on the 
relative importance of the various propagation modes, which varies with time. The effective 
noise factor of the antenna, insofar as it is determined uy atmospheric noise, may be influenced 
in several ways. If the noise sources were distri!suted isotropically, the noise factor would 
be independent of the directional properties. In practice, however, the azimuthal direction 
of the beam may coincide with the direction of an area where thunderstorms are prevalent, 
and the noise factor will be increased correspondingly, compared with the omnidirectional 
antenna. On the other hand, the converse may be true. The directivity in the vertical plane 
may be such as to differentiate in favour of, or against, the reception of noise from a strong 
source. The movement of storms in and out of the antenna beam may be expected to increase 
the variability of the noise, even if the average intensity is unchanged. 

Experimental information on the effects of directivity is scarce, and in some respects conflicting. 
In an equatorial region (Singapore), the median value of F, for certain directional antennae 
was found to be somewhat higher (about 4 db on the average), than that for a vertical rod 
antenna over the same period. This figure is considerably lower than the maximum possible 
antenna gain, as would be expected from the widespread nature of the storms, but the fact 
that there was, on the average, some gain in noise in a wide range of storm conditions suggests 
that there was a tendency for the noise to be received more from the lower angies of elevation. 
In the F.R. of Germany also, directional antennae had, on the average, higher noise factors 
(C.C.LR. Doc. VI/17 (F.R. of Germany) of Geneva 1962; Kronjager and Vogt, 1959). On 
the other hand, in experiments in Australia, the average noise factors of several antennae, 
beamed in different directions, were a few decibels lower than that of a vertical rod antenna, 
the interpretation being that there was significant noise incident at high angles (Yabsley, 1961). 
It appears therefore that, in general terms, the gain in signal-to-noise ratio is likely to be 
approximately that in the signal alone (which may, however, be less than the optimum gain), and 
that if more precise figures are n sded, it is necessary to take into acdount the storm loca- 
tions and the critical frequenc’ . of the ionosphere in addition to the antenna polar diagram. 
More investigations are icyu’ -d before the allowances can be made reasonably precise, but 
it appears that the differen~ 3 will ::sually be less than 6 db. 

Even less information is a’.ailable on the effects of antenna polarization, but for a first approxi- 
mation, it may be assumed that the received noise would be comparable with cither polarization, 
provided the antenna height is large compared with the wavelength. 
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Ficure 27 
Amplitude probability distribution of the noise enevelope 
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Ficure 28 
Standard deviations, o 4 
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Ficure 29 
Nomogram for transforming effective antenna noise factor to noise field-strength as a 
function of frequency 


E, = Fe + 2 logio fmcis—65°5 
(Ea. Fy and fricis are defined in the list of symbols) 
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Expected values of D and their staedard deviations op 
Summer season, 2000-2400 h. 
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Figure 34 
Expected values of C and their standard deviation, O¢ 


Summer season, 2000-2400 h. 
Frequency: 5 Mc/s 


Time availability (%) 


Ficure 35 
Expected values of Pme and their standard deviation, OT 
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